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(54) Electron emitting apparatus, manufacturing 
electron emitting apparatus 

(57) An electron emitting apparatus having excel- 
lent mechanical strength and capable of satisfactorily 
emitting electron even if a high electric field is applied 
and a manufacturing method therefor are disclosed. The 
electron emitting apparatus according to the present in- 
vention incorporates a first gate electrode (8) formed on 
a substrate (7), a cathode (10) formed on the first gate 



method therefor and method of operating 



electrode (8) through afirst insulating layer (9) and hav- 
ing a projection (13) projecting over the first insulating 
layer (9) and a second gate electrode (12) formed on 
the cathode (10) through a second insulating layer (11). 
The electron emitting apparatus has the cathode (10) 
structured such that the projection (1 3) has an inclined 
surface (14), the thickness of which is reduced toward 
the leading end (10B). 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates to an electron 
emitting apparatus for emitting field electrons from a 
cathode thereof, a manufacturing method therefor and 
a method of operating the electron emitting apparatus. 
More particularly, the present invention relates to a flat 
electron emitting apparatus having a cathode formed in- 
to a flat shape, a manufacturing method therefor and a 
method of operating the flat electron emitting apparatus. 

Related Background Art 

[0002] In recent years, display units have been re- 
searched and developed such that the thickness of the 
display unit is attempted to be reduced. In the foregoing 
circumstance, a field emission display (hereinafter ab- 
breviated to "FED") incorporating so-called electron 
emitting apparatuses has attracted attention. 
[0003] As shown in Fig. 1 , the FED has portions each 
of which corresponds to one pixel, the portion including 
a spint electron emitting apparatus 100 and a fluores- 
cent surface 101 formed opposite to the spint electron 
emitting apparatus 100. A multiplicity of the foregoing 
pixels are formed into a matrix configuration so that a 
display unit is constituted. 

[0004] In the portion corresponding to one pixel, the 
electron emitting apparatus 1 00 incorporates a cathode 
103 formed on a cathode panel 102; a gate electrode 
1 05 laminated on the cathode 1 03 through an insulating 
layer 104; and electron emitting portions 107 each of 
which is formed in each of a plurality of openings 106 
formed in the gate electrode 105 and the insulating layer 
104. The FED has the fluorescent surface 101 formed 
opposite to the electron emitting apparatus 100. The flu- 
orescent surface 101 is composed of a front panel 1 08, 
an anode 109 and a fluorescent member 110 formed on 
the front panel 108. Moreover, the FED is structured 
such that predetermined voltages are applied to each of 
the cathode 103, the gate electrode 105 and the anode 
109, respectively. 

[0005] Each of the electron emitting portions 107 of 
the FED is formed into a cone-like shape realised by 
finely machining a material, such as W, Mo or Ni. The 
leading end of the electron emitting portion 107 is dis- 
posed apart from the gate electrode 105 for a predeter- 
mined distance. The electron emitting apparatus 1 00 is 
structured such that electrons are emitted from the lead- 
ing ends of the electron emitting portions 107. The elec- 
tron emitting apparatus 10 has a multiplicity of the elec- 
tron emitting portions 107. 

[0006] In the FED structured as described above, a 
predetermined electric field is generated between the 
cathode 103 and the gate electrode 105. As a result, 



electrons are emitted from the leading ends of the elec- 
tron emitting portions 107. Emitted electrons collide with 
the fluorescent member 110 formed on the anode 109. 
As a result, the fluorescent member 110 is excited to 
5 emit light. When the quantity of electrons which are emit- 
ted from the electron emitting portions 107 of the FED 
corresponding to the pixels is adjusted, a required im- 
age can be displayed on the display unit. 
[0007] When the spint electron emitting apparatus is 
10 manufactured, the openings 106 are formed such that 
the diameter of each opening 106 is about 1 mm. Then, 
the electron emitting portions are perpendicularly evap- 
orated in the surfaces of the openings 106. Specifically, 
a separation layer is formed on the gate electrode 105 
after the openings 106 have been formed. Then, a metal 
film or the like is formed. As a result, the metal film is 
formed on the gate electrode 105 and the bottom sur- 
faces of the openings 106. Then, the film forming oper- 
ation is continued to grow the metal film so that the cone- 
20 line electron emitting portions 1 07 are formed. Then, the 
metal film formed on the gate electrode 105 is, together 
with the separation layer, removed. 
[0008] However, the cone-like electron emitting por- 
tions of the spint type electron emitting apparatus can- 
zs not easily be formed. Thus, there arises a problem in 
that a stable electron emitting characteristic cannot be 
realised. The reason for this lies in that the electron emit- 
ting characteristic of the spint electron emitting appara- 
tus considerably depends on the distance between the 
30 leading end of each of the electron emitting portions and 
the gate electrode. Therefore, the electron emitting por- 
tions cannot reliably be formed. 

[0009] When the electron emitting portions are 
formed, the process for forming the metal film on the 

35 gate electrode having a large area and removal of the 
metal film and the separation layer from the same must 
uniformly be performed. If the metal film cannot uniform- 
ly be formed or if the metal film and the separation layer 
cannot uniformly be removed, electrons cannot easily 

^0 be generated from the electron emitting portions by dint 
of the electric field generated from the gate electrode. 
[0010] When electron emitting portions are formed to 
correspond to a large screen, satisfactory perpendicu- 
larity cannot be realised in a film forming direction over 

45 the screen. Therefore, uniform electron emitting por- 
tions cannot easily be formed on the overall surface of 
the screen. What is worse, contamination sometimes 
occur when the metal film and the separation film are 
removed. Thus, there arises a problem in that satisfac- 

£ o tory manufacturing yield cannot be obtained. 

[0011] To overcome the problems experienced with 
the spint electron emitting apparatus, a flat electron 
emitting apparatus has been suggested which has a 
structure that a high electric field is applied to the edge 

55 of a metal electrode so as to emit field electrons. 

[0012] The flat electron emitting apparatus has a 
structure that an emitter electrode formed into a plate- 
like shape is held between a pair of gate electrodes 
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through insulating layers. Thus, an electric field gener- 
ated between a pair of gate electrodes and an emitter 
electrode causes electrons to be emitted from the emit- 
ter electrode. 

[0013] The structure of the flat electron emitting ap- 
paratus permits the emitter electrode for emitting elec- 
trons to be formed into the plate-like shape. Therefore, 
the flat electron emitting apparatus can easily be man- 
ufactured as compared with the above-mentioned spmt 
electron emitting apparatus. 

[001 4] Also the flat electron emitting apparatus must 
enlarge the electric field which is generated between the 
emitter electrode and the pair of the gate electrodes in 
order to improve the electron emitting characteristic. To 
enlarge the electric field, the emitter electrode must fur- 
thermore be fined so as to furthermore reduce the cur- 
vature radius of the leading end of the emitter electrode. 
[0015] However, if the emitter electrode of the flat 
electron emitting apparatus is simply fined, the mechan- 
ical strength of Ihe emitter electrode decreases consid- 
eiabiy Therefore, a great electric field cannot be gen- 
erated It a great electric field is applied to the fined emit- 
ter electrode, the emitter electrode is sometimes bro- 
ken. Thus, the foregoing fine emitter electrode cannot 
be used in a high electric field. 

[0016] Hrtherto the curvature radius of the leading 
end ot the emitter electrode can be reduced during a 
process for manufacturing the flat electron emitting ap- 
paratus only when exposing, developing and etching 
conditions for the photoresist are delicately controlled. 
Therefore, the conventional method cannot easily form 
an emitter electrode of the type having satisfactory me- 
chanical strength and provided with the leading end hav- 
ing a small curvature radius. 

[0017] What is worse, the flat electron emitting appa- 
ratus suffers from a poor quantity of electrons which 
reach the anode as compared with the spint electron 
emitting apparatus. Therefore, the flat electron emitting 
apparatus cannot cause the fluorescent member dis- 
posed on the anode to satisfactorily emit light. 

SUMMARY OF THE INVENTION 



[0018] Accordingly an object of the present invention 
is to provide an electron emitting apparatus and a man- 
ufacturing method therefor which is capable of overcom- 
ing the problems experienced with the conventional 
electron emitting apparatus, which exhibits satisfactory 
mechanical strength and which is able to satisfactorily 
emit electrons. 

[0019] Another object of the present invention is to 
provide a method of operating the electron emitting ap- 
paratus such that electrons generated by the electron 
emitting apparatus can efficiently reach the anode. 
[0020] To achieve the above-mentioned object, ac- 
cording to an aspect of the present invention, there is 
provided an electron emitting apparatus comprising: a 
first gate electrode formed on a substrate; a cathode 



formed on the first gate electrode through a first insulat- 
ing layer and having a projection projecting over the first 
insulating layer; and a second gate electrode formed on 
the cathode through the second insulating layer, where- 
s in the cathode has a structure that the projection is pro- 
vided with an inclined surface having a thickness which 
is reduced toward the leading end of the projection. 
[0021] The electron emitting apparatus according to 
the present invention is structured as described above 
io so that an electric field is generated among the first gate 
electrode, the second gate electrode and the cathode. 
The electric field causes electrons to be emitted from 
the leading end of the cathode. The electron emitting 
apparatus according to the present invention has the in- 
15 dined surface formed such that the thickness of the pro- 
jection of the cathode is reduced toward the leading end 
of the projection. Thus, the curvature radius of the lead- 
ing end of the cathode is reduced. That is, the portion 
of the cathode adjacent to the first and second insulating 
20 layers has a large thickness as compared with that of 
the leading end. Therefore, the electron emitting appa- 
ratus enables the leading end of the cathode to have an 
excellent field electron emitting characteristic. Moreo- 
ver, the dynamic strength of the cathode adjacent to the 
25 first and second insulating layers can be increased. 
[0022] To overcome the above-mentioned problem 
experienced with the conventional structure, according 
to another aspect of the present invention, there is pro- 
vided a method of manufacturing an electron emitting 
30 apparatus comprising the steps of: forming, on a sub- 
strate, a first gate electrode layer, a first insulating film, 
a cathode layer, a second insulating film and a second 
gate electrode layer in this sequential order, forming a 
first opening in a predetermined region of the second 
35 gate electrode layer and causing the second insulating 
film to be exposed through the first opening; isotropically 
etching the second insulating film exposed through the 
first opening to expose the cathode layer through an 
opening having a size larger than the size of the first 
40 opening; an isotropically etching the cathode layer to 
form a second opening and causing the first insulating 
film to be exposed through the second opening; and iso- 
tropically etching the first insulating layer exposed 
through the second opening to cause the first gate elec- 
45 trode layer to be exposed, wherein the step for forming 
the second opening is performed such that the cathode 
layer is an isotropically etched so that an inclined surface 
having a thickness which is reduced to an end of the 
opening is formed. 
50 [0023] The method of manufacturing the electron 
emitting apparatus structured as described above is 
performed such that the cathode layer is exposed such 
that the size of the opening is made to be larger than 
the size of the first opening. In this state, anisotropic 
55 etching is performed so that the second opening is 
formed. That is, the foregoing method is performed such 
that the region of the exposed cathode adjacent to the 
second insulating layer is covered with the second m- 
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sulating film and the first gate electrode layer from an 
upper position. Therefore, anisotropic etching for form- 
ing the second opening is performed such that the rate 
at which the exposed cathode is etched is reduced in a 
direction toward the second insulating layer. Therefore, s 
the foregoing method is able to easily form the second 
opening having the inclined surface, the thickness of 
which is reduced toward the end of the second opening. 
[0024] To achieve the above-mentioned object, ac- 
cording to another aspect of the present invention, there io 
is provided a method of manufacturing an electron emit- 
ting apparatus comprising the steps of: forming, on a 
substrate, a first gate electrode layer, a first insulating 
film, a cathode layer, a second insulating film and a sec- 
ond gate electrode layer in this sequential order; forming is 
a resist film having an opening corresponding to a pre- 
determined region of the second gate electrode layer; 
anisotropically etching the resist film and the second 
gate electrode layer exposed through the opening to 
form a first opening so as to cause the second insulating 20 
film to be exposed through the first opening; isotropically 
etching the second insulating film exposed through the 
first opening to expose the cathode layer through an 
opening having a size which is larger than the size of 
the first opening; anisotropically etching the exposed 25 
cathode layer to form a second opening and causing the 
first insulating film to be exposed through the second 
opening; and isotropically etching the first insulating lay- 
er exposed through the second opening so as to expose 
the first gate electrode layer, wherein the step for form- 30 
ing the first opening is performed such that an inclined 
surface having a thickness which is reduced toward an 
end of the first opening is formed, and the step for form- 
ing the second opening is performed such that the cath- 
ode layer is anisotropically etched together with an end 35 
of the first opening so that the inclined surface provided 
for the first opening is transferred so that an inclined sur- 
face having a thickness which is reduced toward an end 
of the second opening is formed. 

[0025] The method of manufacturing an electron emit- 40 
ting apparatus according to the present invention is 
structured as described above such that the first open- 
ing having the inclined surface, the thickness of which 
is reduced toward the end of the first opening, is formed. 
Then, the cathode layer is anisotropically etched togeth- 45 
er with the inclined surface of the first opening in a state 
in which the cathode layer is exposed in such a manner 
that the size of the opening is larger than the size of the 
first opening. Thus, the second opening is formed. 
Therefore, the foregoing method is performed such that so 
the anisotropic etching operation for the purpose of 
forming the second opening results in the etching rate 
of a region of the exposed cathode layer adjacent to the 
second insulating layer being reduced owing to an influ- 
ence of the inclined surface provided -for the first open- ss 
ing. As a result, the second opening having the inclined 
surface having the thickness which is reduced toward 
the end of the second opening can be formed by the 



above-mentioned method. 

[0026] To achieve the above-mentioned object, ac- 
cording to another aspect of the present invention, there 
is provided a method of operating an electron emitting 
apparatus such that an electron emitting apparatus hav- 
ing a first gate electrode, a cathode formed on the first 
gate electrode through a first insulating layer and a sec- 
ond gate electrode formed on the cathode through a 
second insulating layer which are formed on a substrate 
is operated, the method of operating an electron emit- 
ting apparatus comprising the step of: applying voltages 
to satisfy relationship as V2 > V1 > Vc on an assumption 
that voltage, which is applied to the first gate electrode 
is V1 , voltage which is applied to the cathode is Vc and 
voltage which is applied to the second gate electrode is 
V2. 

[0027] The method of operating the electron emitting 
apparatus according to the present invention and struc- 
tured as described above is performed such that the 
voltage which is positive with respect to the cathode is 
applied to the first and second gate electrodes. There- 
fore, an electric field is generated among the first gate 
electrode, the second gate electrode and the cathode. 
Since the electric field is applied to the cathode, the 
cathode emits electrons. At this time, a voltage higher 
than the voltage which is applied between the first gate 
electrode and the cathode is applied between the sec- 
ond gate electrode and the cathode. Therefore, the elec- 
tric field which is generated from the first gate electrode 
and the second gate electrode causes electrons emitted 
from the cathode to move to the second gate electrode. 
Therefore, the above-mentioned method enables elec- 
tron generated by the cathode to be extracted in a di- 
rection of the second gate electrode 
[0028] Other objects, features and advantages of the 
invention will be evident from the following detailed de- 
scription of the preferred embodiments described in 
conjunction with the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWING 

[0029] 

Fig. 1 is a cross sectional view showing an essential 
portion of a conventional electron emitting appara- 
tus; 

Fig. 2 is a schematic perspective view showing the 
structure of a FED incorporating an electron emit- 
ting apparatus according to the present invention; 
Fig. 3A is a cross sectional view showing an essen- 
tial portion of the electron emitting apparatus; 
Fig. 3B is a schematic cross sectional view showing 
a state in which the electron emitting apparatus has 
been connected to a power source; 
Fig. 4 is a cross sectional view showing an essential 
portion of a method of manufacturing the electron 
emitting apparatus according to the present inven- 
tion in a state in which a first conductive layer has 
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been formed on an insulating substrate; 
Fig 5 is a cross sectional view showing an essential 
portion of the method of manufacturing the electron 
emitting apparatus according to the present inven- 
tion in a state in which a first gate electrode layer s 
has been formed on the insulating substrate; 
Fig 6 is a cross sectional view showing an essential 
portion of the method of manufacturing the electron 
emitting apparatus according to the present inven- 
tion in a state in which a first insulating and a second io 
conductive layer have been formed; 
Fig 7 is a cross sectional view showing an essential 
portion of the method of manufacturing the electron 
emitting apparatus according to the present mven- 
tion in a state in which a cathode layer has been 

formed; ' 
Fig 8 is a cross sectional view showing an essential 
portion of the method of manufacturing the electron 
emitting apparatus according to the present mven- 
tion in a state in which a second insulating layer and 
a third conductive layer have been formed; 
Fig 9 is a cross sectional view showing an essential 
portion of the method of manufacturing the electron 
emitting apparatus according to the present inven- 
tion in a state in which a second schematic elec- 25 
trode layer has been formed; 

Fig 10 is a cross sectional view showing an essen- 
tial portion of the method of manufacturing the elec- 
tron emitting apparatus according to the present in- 
vention in a state in which first and second connec- 30 
tion holes have been formed; 
Fig 11 is a cross sectional view showing an essen- 
tial portion of the method of manufacturing the elec- 
tron emitting apparatus according to the present in- 
vention in a state in which a resist film having a pre- 
determined shape has been formed; 
Fig 1 2 is a cross sectional view showing an essen- 
tial portion of the method of manufacturing the elec- 
tron emitting apparatus according to the present in- 
vention in a state in which an opening has been 40 
formed in the second gate electrode layer; 
Fig 1 3 is a cross sectional view showing an essen- 
tial portion of the method of manufacturing the elec- 
tron emitting apparatus according to the present in- 
vention in a state in which the second insulating lay- 
er has been isotropically etched; 
Fig 1 4 is a cross sectional view showing an essen- 
tial portion of the method of manufacturing the elec- 
tron emitting apparatus according to the present in- 
vention in a state in which an opening has been 
formed in the cathode layer; 

Fig 1 5 is a cross sectional view showing an essen- 
tial portion of the method of manufacturing the elec- 
tron emitting apparatus according to the present in- 
vention in a state in which the insulating layer has 
been isotropically etched; 

Fig 1 6 is a cross sectional view showing an essen- 
tial portion of the method of manufacturing the elec- 



tron emitting apparatus according to the present in- 
vention in a state in which the resist film has been 
formed; 

Fig 1 7 is a cross sectional view showing an essen- 
tial portion of the method of manufacturing the elec- 
tron emitting apparatus according to the present in- 
vention in a state in which the resist film and the 
second gate electrode layer have been anisotropi- 
cally etched; 

Fig. 18 is a cross sectional view showing an essen- 
tial portion of the method of manufacturing the elec- 
tron emitting apparatus according to the present in- 
vention in a state in which the second insulating lay- 
er has been isotropically etched; 
Fig. 1 9 is a cross sectional view showing an essen- 
tial portion of the method of manufacturing the elec- 
tron emitting apparatus according to the present in- 
vention in a state in which an opening has been 
formed in the cathode layer; 
Fig 20 is a cross sectional view showing an essen- 
tial portion of the method of manufacturing the elec- 
tron emitting apparatus according to the present in- 
vention in a state in which the first insulating has 
been isotropically etched; 

Fig 21 is a cross sectional view showing an essen- 
tial portion of the method of manufacturing the elec- 
tron emitting apparatus according to the present in- 
vention in a state in which the resist film has been 
removed; 

Fig 22 is a schematic perspective view showing the 
structure of a FED incorporating the electron emit- 
ting apparatuses to which the operation method ac- 
cording to the present invention is applied; 
Fig 23 is a perspective view of a cross section of 
an essential portion of the electron emitting appa- 
ratus; 

Fig 24 is a schematic circuit diagram showing a 
power source for applying voltage to the electron 
emitting apparatus; 

Fig 25 is a cross sectional view.showing a process 
for manufacturing the electron emitting apparatus; 
Fig. 26 is a cross sectional view showing a process 
for manufacturing the electron emitting apparatus; 
and 

Fig 27 is a schematic circuit diagram showing a 
power source for applying voltage to another elec- 
tron emitting apparatus. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0030] Embodiments of an electron emitting appara- 
tus a manufacturing method therefor and a method of 
operating the electron emitting apparatus according to 
the present invention will now be described with refer- 
ence to the drawings. 

[0031] As schematically shown in Fig. 2, the electron 
emitting apparatus according to this embodiment is ap- 
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plied to a so-called FED (Field Emission Display). The 
FED incorporates a back plate 2 having electron emit- 
ting apparatuses 1 arranged to emit field electrons and 
formed in a matrix configuration. Moreover, the FED in- 
corporates a face plate 4 disposed opposite to the back 
plate 2 and having anodes 3 formed into a stripe pattern. 
Moreover, the FED has a high vacuum portion between 
the back plate 2 and the face plate 4. 
[0032] The FED has such a structure that the face 
plate 4 has red fluorescent members 5R formed on pre- 
determined anodes 3 and arranged to emit red light. 
Green fluorescent member 5G for emitting green light 
are formed on the adjacent anodes 3. In addition, blue 
fluorescent members 5B for emitting blue light are 
formed on the anodes 3 adjacent to the anodes 3 having 
the green fluorescent member 5G. That is, the face plate 
4 has the red fluorescent members 5R, green fluores- 
cent member 5G and the blue fluorescent members 5B 
(hereinafter called "fluorescent members 5° when the 
fluorescent members are collectively called) which are 
alternately formed. Thus, a stripe pattern is formed. 
[0033] The electron emitting apparatuses 1 of the 
back plate 2 are disposed opposite to the fluorescent 
members 5 in the three colours. One pixel of the FED is 
composed of the fluorescent members 5 in the three col- 
ours and the electron emitting apparatuses 1 disposed 
opposite to the fluorescent members 5. 
[0034] Moreover, the FED incorporates a plurality of 
pillars 6 disposed between the back plate 2 and the face 
plate 4. The pillars 6 maintain a predetermined distance 
between the back plate 2 and the face plate 4, the por- 
tion between the back plate 2 and the face plate 4 being 
high vacuum as described above. 
[0035] As shown in Fig. 3A, each of the electron emit- 
ting apparatuses 1 of the FED incorporates an insulating 
substrate 7 made of glass or the like; a first gate elec- 
trode layer 8 formed on the insulating substrate 7; a 
cathode layer 10 laminated on the first gate electrode 
layer 8 through a first insulating layer 9; and a second 
gate electrode layer 12 laminated on the cathode layer 
10 through a second insulating layer 11. 
[0036] The electron emitting apparatus 1 has an 
opening formed in the first insulating layer 9, the cathode 
layer 10, the second insulating layer 11 and the second 
gate electrode layer 12. Electrons are emitted through 
the opening. The opening of each electron emitting ap- 
paratus is formed into a substantially rectangular shape. 
Note that the shape of the opening is not limited to the 
rectangular shape. The opening may be formed into a 
circular shape, an elliptic shape or a polygonal shape if 
the employed shape is free from an acute portion. 
[0037] The cathode layer 10 of the electron emitting 
apparatus 1 has a projection 1 3 projecting over the first 
insulating layer 9 and the second insulating layer 11. 
That is, an opening 10A formed in the cathode layer 10 
has an area smaller than that of an opening 9A formed 
in the first insulating layer 9 and that of an opening 11 A 
formed in the second insulating layer 11. Moreover, the 



second gate electrode layer 12 of the electron emitting 
apparatus 1 is formed to project over the second insu- 
lating layer 11. That is, an opening 12A formed in the 
second gate electrode layer 12 of the electron emitting 
5 apparatus 1 is smaller than the opening 11 A formed in 
the second insulating layer 11. 

[0038] As described later, the opening 10Aisprovided 
for the cathode layer 10, causing an inclined surface 14 
to be provided for the projection 1 3. The inclined surface 

10 14 is formed around the substantially overall inner edge 
of the opening 10A Moreover, the inclined surface 14 
is tapered toward the end 1 0B of the open ing 1 0A. Since 
the cathode layer 10 has the inclined surface 14, the 
end 1 0B of the opening 1 0A can be fined. Moreover, the 

is curvature radius of the end 1 0B of the opening 1 0A can 
be reduced. 

[0039] As shown in Fig. 3B, the above-mentioned 
electron emitting apparatus 1 is connected to a power 
source 1 5 which applies a predetermined voltage to the 

20 first gate electrode layer 8, the cathode layer 1 0 and the 
second gate electrode layer 12. Moreover, the power 
source 1 5 is connected to the anodes 3. 
[0040] The electron emitting apparatus 1 structured 
as described above has a structure that the power 

2s source 15 applies a voltage to the first gate electrode 
layer 8 and the second gate electrode layer 1 2, the volt- 
age being a positive voltage as compared with that of 
the cathode layer 10. Moreover, the FED having the 
electron emitting apparatus 1 has such a structure that 

30 the power source 15 applies a positive voltage to the 
anodes 3 as compared with that of the second gate elec- 
trode layer 12. 

[0041] The electron emitting apparatus 1 has the 
structure that a predetermined voltage is applied to the 

35 first gate electrode layer 8 and the second gate elec- 
trode layer 12 so that an electric field is generated. The 
electric field is applied to the end 10B of the opening 
10A of the cathode layer 10. As a result, so-called field 
electron discharge takes place which causes electrons 

40 (e1 , e2 and e3 shown in Fig. 3B) to be emitted from the 
end 10B of the opening 10A of the cathode layer 10. 
[0042] Since the above-mentioned voltage is applied 
to the anodes 3 of the FED, a predetermined electric 
field is generated. As a result, electrons emitted as de- 

45 scribed above are accelerated by an electric field gen- 
erated by dint of the voltage applied to the anodes 3. 
Then, accelerated electrons collide with the fluorescent 
members 5 formed on the anodes 3. Thus, the fluores- 
cent members 5 are excited by the energy of collided 

50 electrons. 

[0043] A portion (e1) of emitted electrons is allowed 
to pass through the opening 12A of the second gate 
electrode layer 12, and then allowed to reach the fluo- 
rescent members 5. Another portion (e2) of emitted 

55 electrons reaches the surface of the first gate electrode 
layer 8, and then allowed to rebound. Then, electrons 
are allowed to pass through the opening 12A of the sec- 
ond gate electrode layer 12, and then allowed to reach 
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the fluorescent members 5. Another portion (e3) of emrt- 
ted electrons reaches the surface of the first gate elec- 
trode layer 8, and then secondary discharge of electrons 
takes place. Then, electrons are allowed to pass 
through the opening 12A ot the second gate electrode 
layer 12, and then allowed to reach the fluorescent 

[roWl^As described above, electrons are emitted 
from the end 1 0B of the opening 1 0A formed in the cath- 
ode layer 10 of the electron emitting apparatus. The 
thickness of the cathode layer 1 0 is reduced toward the 
end 10B of the opening 10A because the inclined sur- 
face 14 is formed. That is, the electron emitting appara- 
tus 1 has the structure that the end 1 0B of the opening 
10A lor emitting electrons has a smaller curvature radi- 
us The electron emitting apparatus 1 has the structure 
that the thickness of the end 1 0B of the opening 1 0A for 
emitting electrons is reduced considerably and the cur- 
vature radius of the end 10B ot the opening 10A .s re- 
duced satisfactorily. Therefore, an electric field gener- 
ated by the first gate electrode layer 8 and the second 
gate electrode layer 12 efficiently acts on the end 10B 
of the opening 1 0A. 

[0045] As a result, the quantity of electrons which can 
be emitted from the electron emitting apparatus 1 can 
be enlarged even if the same voltage, which is applied 
to the conventional flat electron emitting apparatus, is 
applied. That is, even if the operation voltage wh.ch is 
applied to the first gate electrode layer 8 and the second 
gate electrode layer 12 is lowered, the electron emitting 
apparatus 1 according tothis embodiment is ableto emit 
electrons in a large quantity. 

[0046] The electron emitting apparatus 1 has such a 
structure that the projection 13 has an inclined surface 
14 in order to reduce the curvature radius of the end 1 0B 
of the opening 10A. Therefore, the electron emitting ap- 
paratus 1 has such a structure that a portion of the pro- 
jection 13 opposite to the end 10B of the opening 10A 
has a large width. That is, only the end 10B of the open- 
ing 10Aof the cathode layer 10 is tapered. On the other 
hand the other portion has a predetermined th.ckness. 
As a result, the cathode layer 10 of the electron emitting 
apparatus 1 has great mechanical strength. 
[0047] When a great electric field is generated by the 
first gate electrode layer 8 and the second gate elec- 
trode layer 12 ot the electron emitting apparatus 1 , dy- 
namic force acts on the projection 1 3 of the cathode lay- 
er 10 However, breakage of the cathode layer 10 of the 
electron emitting apparatus 1 owning to the dynamic 
force can be prevented. Asa result, the electron emitting 
apparatus 1 can be operated at a voltage which gener- 
ates a large electric field. 

[0048] A method of manufacturing the electron emit- 
ting apparatus 1 according to the present invention w.ll 
now be described. . 
[00491 When the electron emitting apparatus 1 is 
manufactured, the first conductive layer 21 made of a 
conductive material is formed to have a predetermined 



thickness on the insulating substrate 20 made of glass 
or the like, as shown in Fig. 4. At this time, it is Parable 
that the first conductive layer 21 is formed by a thin film 
forming method, such as sputtering, vacuum evapora- 

[0050] C Then, as shown in Fig. 5, the first conductive 
laver 21 is patterned to have a predetermined shape by 
a method, such as etching. Thus, the first gate electrode 
layer 8 is formed. At this time, a known method, such as 
photolithography or etching, is employed to form the first 
qate electrode layer 8. Thus, the first gate electrode lay- 
er 8 having a predetermined shape is formed on the in- 
sulating substrate 20. rf . 
[00511 Then, as shown in Fig. 6, the above-mentioned 
method is employed so that the first insulating layer 9 
and the second conductive layer 22 are formed on the 
overall surfaces of the insulating substrate 20 and the 
first gate electrode layer 8. The first insulating layer 9 is 
a layer for insulating the first gate electrode layer 8 and 
the second conductive layer 22 from each other. The 
first insulating layer 9 is made of an insulating material 
such as Si02. The second conductive layer 22 is a layer 
which will be formed into the cathode layer 10. The sec- 
ond conductive layer 22 is made of a conductive mate- 
rial such as W, Mo or Ni, or a semiconductor. . 
[00521 Then, as shown in Fig. 7, the second conduc- 
tive layer 22 is patterned by the above-mentioned meth- 
od so that the cathode layer 10 is formed. At this time, 
the cathode layer 1 0 is formed on the substantiallyover- 
all region above the first gate electrode layer 8^ Since 
electric conduction between the outside and the first 
gate electrode layer 8 must be realised in a process to 
D e described later, the cathode layer 10 is not formed in 
a portion above a predetermined region of the first gate 
electrode layer 8. 

[00531 Then, as shown in Fig. 8. the second insulating 
ayer 1 1 and the third conductive layer 23 are formed on 
the substantially overall surfaces of the first insulating 
layer 9 and the cathode layer 10 by the foregoing meth- 
od The second insulating layer 11 is a layerfor insulat- 
ing the cathode layer 10 and the third conductive layer 
23 from each other. The second insulating layer 1 is 
made of a material similar to that for mak.ng the > first 
insulating layer 9. The third conductive layer 23 is a layer 

12 The third conductive layer 23 is made of a material 
similar to that for making the first conductive layer 21. 
[0054] Then, as shown in Fig. 9, the third conductive 
layer 23 is patterned to have a predetermined shape by 
the foregoing method so that the second gate electrode 
12 is fonned. At this time, the second gate electrode lay- 
er 1 2 is formed on the substantially overall region above 
the cathode layer 1 0. Since the electric conduction must 
be realised between the outside and the cathode layer 
10 in a process to be described later, the second gate 
electrode layer 12 is not formed in a region above a pre- 
determined region of the cathode layer 10. 
[0055] Then, as shown in Fig. 10. a first connection 
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hole 24 for realising electric conduction between the first 
gate electrode layer 8 and the outside is formed. More- 
over, a second connection hole 25 for realising electric 
conduction between the cathode layer 10 and the out- 
side is formed. The first connection hole 24 is formed by 
boring the first insulating layer 9 and the second insu- 
lating layer 11. Thus, the first gate electrode layer 8 is 
exposed to the outside. The second connection hole 25 
is formed by boring the second insulating layer 11 so 
that the cathode layer 10 is exposed to the outside. 
[0056] Then, as shown in Fig. 11, a photoresist 26 is 
formed to have a predetermined thickness on the sec- 
ond gate electrode layer 12 and the second insulating 
layer 11. Then, a predetermined region is exposed to 
light, and then developed. As a result, a resist opening 
27 which reaches the second gate electrode layer 1 2 is 
formed in the photoresist 26. 

[0057] Then, as shown in Fig. 12, anisotropic etching 
of the surface on which the photoresist 26 has been 
formed is performed. The anisotropic etching process 
may be performed by a method, such as reactive ion 
etching (hereinafter called "RIE"). It is preferable that the 
etching operation is performed under condition that sul- 
fur hexafluoride is employed as a reaction gas when the 
second gate electrode layer 1 2 is made of tungsten (W). 
As a result, the opening 12A which is in parallel with the 
laminating direction is formed in the second gate elec- 
trode layer 12. 

[0058] Then, as shown in Fig. 1 3, isotropic etching of 
the surface having the opening 12A is performed. The 
isotropic etching may be performed by, for example, wet 
etching. It is preferable that the isotropic etching oper- 
ation is performed under condition that hydrofluoric acid 
serving as a buffer is employed as the etching solution 
when the second insulating layer 11 is made of silicon 
dioxide. Since the isotropic etching process is per- 
formed, the second insulating layer 11 is isotropically 
etched. Thus, the second insulating layer 11 is etched 
to a position inner than the opening 12A of the second 
gate electrode layer 1 2. 

[0059] In this embodiment, the isotropic etching oper- 
ation is continued until the cathode layer 10 is exposed 
through an opening having a size larger than that of the 
opening 12A formed in the second gate electrode layer 
12. That is, the isotropic etching operation is continued 
until the width for which the cathode layer 1 0 is exposed 
and which is indicated by W2 shown in Fig. 13 is larger 
than the width of the opening formed in the second gate 
electrode layer 1 2 and indicated by W1 shown in Fig. 1 3. 
[0060] Then, as shown in Fig. 14, anisotropic etching 
of the exposed cathode layer 10 is performed from a 
position adjacent to the photoresist 26. In this case, an- 
isotropic etching is etching having anisotropy which is 
in parallel with the laminating direction. The anisotropic 
etching is continued until the first insulating layer 9 is 
exposed. The anisotropic etching operation may be per- 
formed by, for example, the RIE or dry etching. Similarly 
to the process for an isotropically etching the second 



gate electrode layer 12, it is preferable that the etching 
operation is performed such that sulfur hexafluoride is 
employed as a reaction gas when the cathode layer 10 
is made of tungsten. 
5 [0061] As a result of the anisotropic etching operation, 
a portion of the exposed cathode layer 10 which is ex- 
posed th rough the opening 1 2A of the second gate elec- 
trode layer 12 is uniformly opened in a direction in par- 
allel with the laminating direction. As a result of the an- 
™ isotropic etching operation, a portion of the exposed 
cathode layer 10, above which the second gate elec- 
trode layer 1 2 and the second insulating layer 1 1 project, 
is opened non-uniformly. That is, the portion of the cath- 
ode layer 10 above which the back plate 2 and the like 
is project, is etched at an etching rate which is lower than 
the etching rate for the region facing the upper opening. 
Moreover, the etching rate for the region, above which 
the second gate electrode layer 12 and the like project, 
is reduced in proportion to the distance to the boundary 
2 o from the second insulating layer 11. 

[0062] As described above, the method according to 
this embodiment has such a structure that the cathode 
layer 10 is anisotropically etched. Thus, the opening 
10A having the inclined surface 14 is formed in the cath- 
25 ode layer 1 0. That is, the method according to this em- 
bodiment causes the inclined surface 14 to be formed, 
the thickness of which is reduced in a direction toward 
the end 10B of the opening 10A. 

[0063] Then, as shown in Fig. 15, the surface of the 
30 cathode layer 10 in which the opening 10A has been 
formed is isotropically etched. The isotropic etching op- 
eration may be performed by a method, for example, 
wet etching. Similarly to the process for etching the sec- 
ond insulating layer 11, it is preferable that the etching 
35 operation is performed under condition that hydrofluoric 
acid serving as a buffer is employed as the etching so- 
lution when the first insulating layer 9 is made of silicon 
dioxide. As a result of the isotropic etching operation, 
the first insulating layer 9 is isotropically etched. Thus, 
40 the second insulating layer 1 1 is etched to a position in- 
ner than the opening 10A of the cathode layer 10. 
[0064] In this embodiment, the isotropic etching is 
performed such that the inclined surface 14 is allowed 
to project over the first insulating layer 9 and the second 
4 * insulating layer n. Moreover, the first gate electrode 
layer 8 is exposed. As a result of the above-mentioned 
isotropic etching operation, the projection 1 3 is provided 
for the cathode layer 10. 

[0065] Then, as shown in Fig. 16, organic solvent or 
so the like is employed to perform a cleaning operation so 
that the photoresist 26 is removed. Then, a process (not 
shown) is performed such that the first gate electrode 
layer 8 and the power source are connected to each oth- 
er through the first connection hole 24. Moreover, the 
55 cathode layer 10 and the power source are connected 
to each other through the second connection hole 25. 
In addition, the second gate electrode layer 12 and the 
power source are connected to each other in the portion 
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exposed over the upper surface. 

[0066] The method of manufacturing the electron 
emitting apparatus according to this embodiment is 
Teh that the second insulating layer 11 is isotrop.ca ly 
etched. Therefore, the portion of the cathode layer 10 
larger than the size of the opening 12A formed in the 
second gate electrode layer 12 can be exposed. S.nce 
the anisotropic etching is performed in the above-men- 
tioned state, the method according to this embod.ment 
enables the inclined surface 14 to be provided for the 
projection 1 3 of the cathode layer 1 0. 
r0067] As described above, the method according to 
this embodiment is able to easily form the cathode layer 
10 having the inclined surface 14 without a necessrty of 
delicately controlling exposing and developing cond.- 
tions for the photoresist and the etching cond.t.ons. 
Thus the method according to this embod.ment .s able 
to easily manufacture the electron emitting apparatus 
having the cathode layer 10 and exhibiting an excellent 
field electron emitting characteristic. 
[00681 According to the foregoing method, control of 
the thickness of the second insulating layer 11 and du- 
ration for which the second insulating layer 11 .s isotrop- 
ically etched enables the inclined surface 14 hav.ng a 
required shape to be formed. As a result, the method 
according to this embodiment is able to eas.ly form the 
cathode layer 10 having a required field electron emu- 
ting characteristic. Therefore, the foregoing method is 
able to easily manufacture the electron emitt.ng appa- 
ratus while the electric field emitt.ng characterise is be- 
ing controlled. 

[00691 The method of manufacturing the electron 
emitting apparatus according to the present invention .s 
not limited to the above-mentioned method. The follow- 
ing method may be employed. Note that the same proc- 
esses as the processes which have been described 
above are omitted from description. Specifically, the 
processes shown in Figs. 4 to 11, which are the same 
as those employed in the following method, are omrtted 
from description. . 
[00701 With this method, the photoresist 26 is formed, 
and then the pillars 6 and the second gate electrode lay- 
er 12 are anisotropically etched, as shown in Fig. 17. 
The anisotropic etching operation is performed in such 
a manner that a portion of the photores.st 26 in a d.rec- 
tion of the thickness of the photoresist 26 and the sec- 
ond gate electrode layer 12 exposed through the resist 
opening 27 are etched. 

[0071 1 With this method, an edge 30 prov.ded with an 
inclined surface having the thickness which is reduced 
toward an end 12B of an opening 12A is formed by the 
anisotropic etching operation. The opening 12A is 
formed at a position corresponding to a resist opening 
27 That is, the foregoing method causes the portion cor- 
responding to the resist opening 27 to be formed as the 
opening 12A. The edge 30 of the opening 12B hav.ng 
the inclined surface is formed in a portion in wh.ch the 
photoresist 26 which is removed by anisotropic etching 
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has been formed. 

[0072] The method of anisotropically etching the pho- 
toresist 26 and the second gate electrode layer 12 may 
be RIE It is preferable that the foregoing etching oper- 
ation is performed under condition that a mixture gas of 
methane tetrafluoride and oxygen is employed as the 
reaction gas when the second gate electrode layer 12 
is made of tungsten. 

[0073] When the condition of the reaction gas for use 
in the RIE operation is adjusted, a predetermined region 
of the photoresist 26 can be removed. Moreover, the 
edge 30 of the opening 1 2B having the inclined surface 
can be provided for the second gate electrode layer 12 
covered with the photoresist 26 which has been re- 

ra074] Then, as shown in Fig. 1 8. the surface in which 
the opening 1 2A has been formed is isotropically etched 
in ordertoform an opening in the second insulating layer 
1 1 The isotropic etching operation is performed similar- 
ly to the above-mentioned isotropic etching operation. 
Thus the cathode layer 10 is exposed to the outs.de. 
[0075] With this method, the isotropic etching opera- 
tion is continued until the size of exposure of the cathode 
layer 10 indicated with W4 shown in Fig. 18 is larger 
than the width of the opening 12A indicated with W3 
shown in Fig. 18. 

[0076] Then, as shown in Fig. 1 9, the edge 30 of the 
opening 12B formed in the second gate electrode layer 
12 and the exposed cathode layer 10 are anisotropcally 
etched The anisotropic etching operation is contmued 
until the edge 30 of the opening 12B formed in the sec- 
ond gate electrode layer 12 is completely etched. As a 
result of the foregoing anisotropic etching operation, an 
exposed portion of the exposed cathode layer 10 
through the opening 12A of the second gate electrode 
layer 12 is uniformly bored. Thus, the opening 10A is 
formed On the other hand, the foregoing method caus- 
es a portion of the exposed cathode layer 10 posrtioned 
below the edge 30 of the opening 12B of the second 
gate electrode layer 1 2 to be etched such that the shape 
of the inclined surface provided for the edge 30 oMhe 
opening 1 2B is transferred. Thus, the projection 1 3 hav- 
inq the inclined surface 14 is formed. 
[00771 As a result, the foregoing method causes the 
projection 13 having the inclined surface 14 to be pro- 
vided for the cathode layer 10. That is, the foregomg 
method has the structure thatthe anisotropic etch.ng op- 
eration is performed such that the shape of the mc hned 
surface 1 4 provided for the second gate electrode layer 
12 is transferred. Thus, the inclined surface 14 .s pro- 
vided for the cathode layer 10. 

[0078] Then, as shown in Fig. 20, the first insulating 
layer 9 exposed through the opening 1 0A is isotropically 
etched The isotropic etching operation is continued un- 
til the first gate electrode layer 8 is exposed. Moreover, 
the projection 13 having the inclined surface 14 * al- 
lowed to project over the first gate electrode layer 8 and 
the second insulating layer 11 The isotropic etch.ng op- 
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eration is performed similarly to the above-mentioned 
operation. 

[0079] Then, as shown in Fig. 21, organic solvent or 
the like is employed to perform a cleaning process so 
that the photoresist 26 is removed. Then, a process (not 
shown) is performed such that the first gate electrode 
layer 8 and the power sou rce are connected to each oth- 
er through the first connection hole 24. Moreover, the 
cathode layer 10 and the power source are connected 
to each other through the second connection hole 25. 
In addition, the second gate electrode layer 12 and the 
power source are connected to each other in a portion 
exposed over the upper surface. 
[0080] The above-mentioned method of manufactur- 
ing the electron emitting apparatus has the structure that 
the anisotropic etching operation for etching the pho- 
toresist 26 together with the second gate electrode layer 
12 is performed. Thus, the inclined surface is provided 
for the edge 30 of the opening 12B of the second gate 
electrode layer 12. The foregoing method has the struc- 
ture that the edge 30 of the opening 1 2B and the cathode 
layer 10 are simultaneously anisptropically etched. 
Thus, the inclined surface provided for the edge 30 of 
the opening 12B can be transferred. As a result, the in- 
clined surface 14 can easily be provided for the projec- 
tion 1 3 of the cathode layer 10. 

[0081] As described above, the above-mentioned 
method is able to easily form the cathode layer 10 hav- 
ing the inclined surface 14 without the necessity of del- 
icately controlling the exposing and developing condi- 
tions for the photoresist and the etching condition. Thus, 
the foregoing method is able to easily manufacture the 
electron emitting apparatus having the cathode layer 1 0 
exhibiting an excellent field electron emitting character- 
istic. 

[0082] When the reaction gas for use to anisotropical- 
ly etch the photoresist 26 and the second gate electrode 
layer 1 2 is adjusted, the foregoing method is able to pro- 
vide the inclined surface for the edge 30 of the opening 
12B of the second gate electrode layer 12. When the 
reaction gas is furthermore adjusted, the inclined sur- 
face having a required shape can be formed. Therefore, 
the above-mentioned method is able to easily realise the 
shape of the inclined surface 1 4 of the cathode layer 1 0 
having a required field electron emitting characteristic. 
As described above, the foregoing method is able to 
easily manufacture the electron emitting apparatus in- 
corporating the cathode layer 10 having a required 
charged electron emitting characteristic. 
[0083] An embodiment of the method of operating the 
electron emitting apparatus according to the present in- 
vention will now be described with reference to the draw- 
ings. 

[0084] As schematically shown in Fig. 22, the method 
according to this embodiment is applied when an elec- 
tron emitting apparatus for use in a so-called FED (Field 
Emission Display) is operated. Note that the method ac- 
cording to this embodiment may be applied when the 



electron emitting apparatus structured as shown in Fig. 
2 is operated. 

[0085] The FED incorporates a back plate 52 having 
electron emitting apparatuses 51 arranged to emit field 
5 electrons and formed in a matrix configuration. Moreo- 
ver, the FED incorporates a face plate 54 disposed op- 
posite to the back plate 2 and having anodes 53 formed 
into a stripe pattern. Moreover, the FED has a high vac- 
uum portion between the back plate 52 and the face 
io plate 54. 

[0086] The FED has such a structure that the face 
plate 54 has red fluorescent members 55R formed on 
predetermined anodes 53 and arranged to emit red light. 
Green fluorescent members 55G for emitting green light 
75 are formed on the adjacent anodes 53. In addition, blue 
fluorescent members 55B for emitting blue light are 
formed on the anodes 53 adjacent to the anodes 53 hav- 
ing the green fluorescent members 55G. That is, the 
face plate 54 has the red fluorescent members 55R, 
20 green fluorescent members 55G and the blue fluores- 
cent members 55B (hereinafter called "fluorescent 
members 55 M when the fluorescent members are collec- 
tively called) which are alternately formed. Thus, a stripe 
pattern is formed. 
25 [0087] The electron emitting apparatuses 51 of the 
back plate 52 are disposed opposite to the fluorescent 
members 55 in the three colours. One pixel of the FED 
is composed of the fluorescent members 55 in the three 
colours and the electron emitting apparatuses 51 dis- 
30 posed opposite to the fluorescent members 55. 

[0088] Moreover, the FED incorporates a plurality of 
pillars 56 disposed between the back plate 52 and the 
face plate 54. The pillars 56 maintain a predetermined 
distance between the back plate 52 and the face plate 
35 54, the portion between the back plate 52 and the face 
plate 54 being high vacuum as described above. 
[0089] As shown in Fig. 23, each of the electron emit- 
ting apparatuses 51 of the FED incorporates an insulat- 
ing substrate 57 made of glass or the like; a first gate 
40 electrode layer 58 formed on the insulating substrate 57; 
a cathode layer 60 laminated on the first gate electrode 
layer 58 through a first insulating layer 59; and a second 
gate electrode layer 62 laminated on the cathode layer 
60 through a second insulating layer 61 . Moreover, the 
45 foregoing electron emitting apparatus has an electron 
emitting opening 63. 

[0090] That is, the electron emitting apparatus 51 has 
openings formed in the first insulating layer 59, the cath- 
ode layer 60, the second insulating layer 61 andthesec- 
so ond gate electrode layer 62. The above-mentioned 
openings constitute the electron emitting opening 63 
Each of the openings of each electron emitting appara- 
tus 51 is formed into a substantially rectangular shape. 
Note that the shape of each opening is not limited to the 
55 rectangular shape. Each opening may be formed into a 
circular shape, an elliptic shape or a polygonal shape if 
the employed shape is free from an acute portion. 
[0091] In the electron emitting opening 63, the cath- 
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ode layer 60 and the second gate electrode layer 62 are 
formed to project over the first insulating layer 59 and 
the second insulating layer 61. That is. in the e ectron 
emitting apparatus 51 . each of an opening 60A formed 
in the cathode layer 60 and an opening 62A formed in 
the second gate electrode layer 62 has a size smaller 
than that of an opening 59A formed in the first insulating 
layer 59 and that of an opening 61 A formed in the sec- 
ond insulating layer 61 . Therefore, the electron emitting 
apparatus 51 has a projection 64 formed by causing i the 
cathode layer 60 to project outwards in the electron 
emitting opening 63. 

[00921 The electron emitting apparatus 51 has the 
substrate 57 mainly made of an insulating material, such 
as glass, and having a thickness with which the sub- 
strate 57 is able to wUhstand the high vacuum pressure^ 
Each of the first gate electrode layer 58 and the second 
qate electrode layer 62 is mainly made of a metal ma- 
terial, tor example, W, Nb, Ta, Moand Cr, andstructured 
to have a thickness of about 50 nm to about 300 nm. 
Moreover, the cathode layer 60 is mainly made of a met- 
al material, such as W, Nb, Ta, Mo or Cr. or a semicon- 
ductor, such as diamond and having a thickness of 
about 50 nm to 300 nm. Moreover, each of the first in- 
sulating layer 59 and the second insulating layer 61 is 
mainly made of an insulating material such as s.hcon 
dioxide or silicon nitride, and structured to have a thick- 
ness of -about 200 nm to 1000 nm. 
[0093] As shown in Fig. 24, the above-mentioned 
electron emitting apparatus is connected to a power 
source 65 which applies a predetermined voltage to the 
first gate electrode layer 58. the cathode layer 60 and 
the second gate electrode layer 62. Moreover, the power 
source 65 is connected to the anodes 53 (not shown). 
[0094] The electron emitting apparatus 51 has such 
a structure that the power source 65 applies a voltage 
between the first insulating layer 59 and the cathode lay- 
er 60 and between the second gate electrode layer 62 
and the cathode layer 60. The power source 65 applies 
a voltage, which is positive with respect to the cathode 
layer 60, to the first insulating layer 59 and the second 
gate electrode layer 62. Moreover, the power source 65 
applies a voltage, which is higherthan the voltage which 
is applied between the first insulating layer 59 and the 
cathode layer 60, to a position between the second gate 
electrode layer 62 and the cathode layer 60. 
r00951 To manufacture the electron emitting appara- 
tus structured as described above, the first gate elec- 
trode layer 58. the first insulating layer 59, the cathode 
layer 60, the second insulating layer 61 and the second 
gate electrode layer 62 are, in this sequent.al order, 
formed on the insulating substrate 57 made of an ^insu- 
lating material, such as glass, as shown .n Fig. 25. Then, 
a resist film 72 having a resist opening 71 is formed in 
a predetermined region on the second gate electrode 

layer 62. . 
[00961 Then, as shown in Fig. 26, an opening is 
formed in each of the first insulating layer 59, the cath- 



ode layer 60. the second insulating layer 61 and the sec- 
ond gate electrode layer 62, as described later. Specif- 
ically the surface on which the resist film 72 has been 
formed is anisotropically etched by a wet etching meth- 
od or the like. Thus, an opening having substantially the 
same shape as that of the resist opening 71 is formed 
in the second gate electrode layer 62. Then, an isotropic 
etching operation, such as wet etching, is performed 
from the same side so that an opening larger than the 
resist opening 71 is formed in the second insulating lay- 
er 61 Then, an anisotropic etching operation, such as 
dry etching, is performed from the same side so that an 
opening having substantially the same shape as that of 
the resist opening 71 is formed in the cathode layer 60. 
Then, an isotropic etching operation, such as wet etch- 
ing is performed from the same side so that an opening 
larger than the resist opening 71 is formed in the first 
insulating layer 59. 

[0097] Thus, the electron emitting apparatus 51 incor- 
porating the cathode layer 60 having the projection 64 
can be manufactured. When the conditions under which 
the first insulating layer 59 and the second ^ulattng 
layer 61 are isotropically etched are controlled, the pro- 
jection distance of the projection 64 can be adjusted^ 
[0098] The electron emitting apparatus to which the 
method according to this embodiment is applied is not 
limited to the above-mentioned structure. A structure as 
shown in Fig. 27 may be employed in which an opening 
is formed in the first gate electrode layer 58. Also in the 
foregoing case, an electron emitting apparatus similar 
to the electron emitting apparatus 51 can be manufac- 
tu rod 

[0099] The electron emitting apparatus structured as 
described above is operated when each of the elec- 
trodes is applied with a predetermined voltage. Thus, 
electrons are emitted from the cathode layer 60. In th.s 
embodiment, the power source 65 is turned on to oper- 
ate the electron emitting apparatus 51 . 
[01 001 Assuming that voltage which is applied to the 
irst gate electrode layer 58 is V1 , voltage which is ap- 
plied to the cathode layer 60 is Vc and voltage whK* .s 
applied to the second gate electrode layer 62 is V2, the 
method of operating the electron emitting apparatus 51 
is structured to satisfy the following relationship: 
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V2 > V1 > Vc 

[01011 That is, the power source 65 applies a voltage, 
which is positive with respect to the cathode layer 60, o 
the first gate electrode layer 58 and the second gate 
electrode layer 62. Moreover, a voltage higher than the 
voltage, which is applied between the first insulating lay- 
er 59 and the cathode layer 60, is applied between the 
second gate electrode layer 62 and the cathode layer 
60 

[01021 When voltages V1 , V2 and Vc which satisfy the 
above-mentioned relationship are applied, the electron 
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emitting apparatus 51 is brought to a state in which a 
predetermined electric field is generated among the first 
gate electrode layer 58, the second gate electrode layer 
62 and the cathode layer 60. Since the foregoing electric 
field is applied to the projection 64 of the cathode layer 
60, electrons are emitted from the projection 64 
[0103] This embodiment has a structure that the elec- 
tric field is generated such that electrons generated by 
the projection 64 by dint of application of the voltages 
V1 , V2 and Vc which satisfy the above-mentioned rela- 
tionship are moved to the second gate electrode layer 
62. Thus, a major portion of electrons generated from 
the projection 64 of the cathode layer 60 is moved to the 
second gate electrode layer 62. Thus, the method ac- 
cording to this embodiment is able to efficiently emit 
electrons from the electron emitting opening 63 to the 
outside of the electron emitting apparatus 51. 
[0104] When the above-mentioned method was em-, 
ployed such that voltages were applied in such a man- 
ner that the above-mentioned relationship was satisfied 
and the relationship that V2/V1 = about 1.3 was as well 
as satisfied, about 90 % of electrons emitted from the 
cathode layer 60 were permitted to be emitted to the out- 
side of the electron emitting apparatus 51. 
[0105] It is preferable that the electron emitting appa- 
ratus is operated by the method according to this em- 
bodiment such that the voltage V1 and the voltage V2 
satisfy 1.1 < V2/V1 > 2.5. When the relationship V2/V1 
satisfies the above-mentioned range, the method ac- 
cording to this embodiment is able to efficiently emit 
electrons to the outside of the electron emitting appara- 
tus. 

[0106] When the electron emitting apparatus is oper- 
ated with voltages which satisfy the relationship V1 = V2 
> Vc, a major portion of electrons emitted from the cath- 
ode is moved sideways. Therefore, a ratio of electrons 
which can be emitted to the outside of the electron emit- 
ting apparatus is about 40 %. Therefore, it is preferable 
for the method according to this embodiment that the 
value of V2/V1 is larger than 1. If the value of V2/V1 is 
larger than 1.1, the method according to this embodi- 
ment attains a satisfactory effect. 
[0107] Although efficiency of moving emitted elec- 
trons to the second gate electrode layer 62 is in propor- 
tion to the value of V2/V1 , the effect cannot be improved 
if the value is too large. Therefore, when the method ac- 
cording to this embodiment is employed such that the 
value of V2/V1 is 2.5 or smaller, a satisfactory effect can 
be obtained. 

[0108] The FED incorporating the electron emitting 
apparatuses 51 has the structure that electrons emitted 
to the outside of the electron emitting apparatuses 51 
collide with the fluorescent members 55. Thus, the flu- 
orescent members 55 are excited, causing the fluores- 
cent members 55 to emit light. At this time, in the FED, 
a predetermined voltage is being applied from the power 
source 65 to the anode 53. The voltage which is applied 
to the anode 53 is a positive voltage as compared with 



the voltage V2 which is applied to the second gate elec- 
trode layer 62. As a result, a predetermined electric field 
is generated between the anode 53 and the electron 
emitting apparatus 51 . 
5 [0109] Electrons emitted to the outside of the electron 
emitting apparatuses 51 are accelerated by the forego- 
ing electric field so that accelerated electrons fly toward 
the anode 53. Since electrons allowed to fly as de- 
scribed above collide with the fluorescent members 55, 
10 the fluorescent members 55 emit light. 

[0110] When the electron emitting apparatuses 51 
adapted to the method according to this embodiment 
are employed, the quantity of electrons which can be 
emitted from the electron emitting apparatuses 51 can 
7 * be enlarged. Thus, the method according to this embod- 
iment is able to raise the intensity of light emitted by the 
fluorescent members 55. As a result, the brightness of 
the display screen can significantly be raised. 
[0111] When the electron emitting apparatus 51 isem- 
20 ployed, the operation voltage required to generate elec- 
trons in a predetermined quantity can be lowered as 
compared with the conventional structure. That is, the 
method according to this embodiment is able to reduce 
power consumption for operating the electron emitting 
25 apparatus 51 . As a result, the method according to this 
embodiment can satisfactorily be employed in a FED of 
a small power consumption type. 
[0112] As described above, the electron emitting ap- 
paratus according to the present invention incorporates 
30 a cathode having a projection provided with the inclined 
surface. Thus, an electric field for emitting field electrons 
can efficiently be applied to the leading end of the cath- 
ode. As a result, the electron emitting apparatus is able 
to efficiently emit electrons. Since the electron emitting 
35 apparatus has the inclined surface provided for the pro- 
jection of the cathode, the mechanical strength of the 
cathode can be increased. Therefore, the electron emit- 
ting apparatus has an excellent field electron emitting 
characteristic. Moreover, the electron emitting appara- 
40 tus can stably be operated even if a great electric field 
is applied. 

[0113] The method of manufacturing the electron 
emitting apparatus according to the present invention is 
not required to perform exposure and development such 
45 that the resist film and so fonh are delicately controlled 
when the cathode having the projection provided with 
the inclined surface is formed. Therefore, the method 
according to the present invention is able to easily man- 
ufacture an electron emitting apparatus having an ex- 
s o cellent field electron emitting characteristic and capable 
of realising excellent mechanical strength. 
[0114] The method of operating the electron emitting 
apparatus according to the present invention has the 
structure that voltages satisfying predetermined rela- 
ys tionships are applied to the first gate electrode, the sec- 
ond gate electrode and the cathode to cause the cath- 
ode to emit electrons. Therefore, the method according 
to the present invention enables electrons emitted from 
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the cathode to efficiently emit to the outside. As a result, 
the method according to the present invention enables 
electrons to efficiently be emitted to the outside such 
that only a low voltage is required. 
[0115] Although the invention has been described in 
its preferred form with a certain degree of particularity, 
it is understood that the present disclosure of the pre- 
ferred form can be changed in the details of construction 
and in the combination and arrangement of parts without 
departing from the scope of the invention as hereinafter 
claimed. 



Claims 

1 . An electron emitting apparatus comprising: 

a first gate electrode (8) formed on a substrate 

(7); 

a cathode (10) formed on said first gate elec- 
trode (8) through a first insulating layer (9) and 
having a projection (13) projecting over said 
first insulating layer (9); and 
a second gate electrode (12) formed on said 
cathode (10) through a second insulating layer 
(11), wherein 

said cathode (10) has a structure that said pro- 
jection (13) is provided with an inclined surface 
(14) having a thickness which is reduced to- 
ward the leading end (10B) of said projection 



2. An electron emitting apparatus according to claim 
1, further comprising an opening formed to pene- 
trate said first gate electrode (8), said cathode (10) 
and said second gate electrode (12), wherein 

said projection (13) is formed to project to- 
ward the inside portion of said opening. 

3. A method of manufacturing an electron emitting ap- 
paratus comprising the steps of: 

forming, on a substrate (7), a first gate elec- 
trode layer (8), a first insulating film (9), a cath- 
ode layer (10), a second insulating film (11) and 
a second gate electrode layer (12) in this se- 
quential order; 

forming a first opening (12A) in a predeter- 
mined region of said second gate electrode lay- 
er (12) and causing said second insulating film 
(11) to be exposed through said first opening 
(12A); 

isotropically etching said second insulating film 
(11) exposed through said first opening (12A) 
to expose said cathode layer (10) through an 
opening having a size (W2) larger than the size 
(W1) of said first opening (12 A); 
anisotropically etching said cathode layer (10) 
to form a second opening (10A) and causing 



said first insulating film (9) to be exposed 
through said second opening (10A); and 
isotropically etching said first insulating layer 

(9) exposed through said second opening 
5 (1 OA) to cause said first gate electrode layer (8) 

to be exposed, wherein 

said step for forming said second opening 

(10A) is performed such that said cathode layer 

(10) is anisotropically etched so that an inclined 
10 surface (14) having a thickness which is re- 
duced to an end (10B) of said opening (10A) is 
formed. 

4. A method of manufacturing an electron emitting ap- 
is paratus comprising the steps of: 

forming, on a substrate (7), a first gate elec- 
trode layer (8), a first insulating film (9), a cath- 
ode layer ( 1 0), a second insulating film (1 1 ) and 
20 a second gate electrode layer (12) in this se- 

quential order; 

forming a resist film (26) having an opening (27) 
corresponding to a predetermined region of 
said second gate electrode layer (12); 
25 anisotropically etching said resist film (26) and 

said second gate electrode layer (12) exposed 
through said opening (27) to form a first open- 
ing (1 2 A) so as to cause said second insulating 
film (1 1 ) to be exposed through said first open- 
30 ing (12A); 

isotropically etching said second insulating film 
(11) exposed through said first opening (12A) 
to expose said cathode layer (10) through an 
opening having a size (W4) which is larger than 
35 the size (W3) of said first opening (1 2A); 

anisotropically etching said exposed cathode 
layer (10) to form a second opening (10A) and 
causing said first insulating film (9) to be ex- 
posed through said second opening; and 
40 isotropically etching said first insulating layer 

(9) exposed through said second opening 
(10A) so as to expose said first gate electrode 
layer (8), wherein 

said step for forming said first opening (12A) is 
45 performed such that an inclined surface (30) 

having a thickness which is reduced toward an 
end (12B) of said first opening (12A) is formed, 
and 

said step for forming said second opening 
so (10A) is performed such that said cathode layer 

(10) is anisotropically etched together with an 
end of said first opening (12A) so that said in- 
clined surface (30) provided for said first open- 
ing (12A) is transferred so that an inclined sur- 

55 face (1 4) having a thickness which is reduced 

toward an end (10B) of said second opening 
(10A) is formed. 
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5. A method of operating an electron emitting appara- 
tus such that an electron emitting apparatus having 
a first gate electrode (58), a cathode (60) formed on 
said first gate electrode (58) through a first insulat- 
ing layer (59) and a second gate electrode (62) s 
formed on said cathode (60) through a second in- 
sulating layer (61 ) which are formed on a substrate 
(57) is operated, said method of operating an elec- 
tron emitting apparatus comprising the step of: 

applying voltages to satisfy relationship as V2 10 
> V1 > Vc 

on an assumption that voltage which is applied to 
said first gate electrode (58) is V1 , 
voltage which is applied to said cathode (60) is Vc 
and voltage which is applied to said second gate is 
electrode (62) is V2. 

6. A method of operating an electron emitting appara- 
tus according to claim 5, wherein 

the voltage V1 which is applied to said first 20 
gate electrode (58) and the voltage V2 which is ap- 
plied to said second gate electrode (62) has the fol- 
lowing relationship: 

1.1 < V2/V1 < 2.5 25 
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